We present the first measurement results of a power sensor for radio Pequency ( r j signals (50 kHz -40 GHz) with almost no dissipation during the measurement. This sensor is, therefore, a 'through'power sensor, that means that the rfsignal is available during the measurement of its power. The power detection has been realized by measuring capacitively the movement of a grounded aluminum membrane, which is suspended above the transmission line carrying the rf signal. The power sensor is thus a capacitive MEMS technology based sensor. The fabrication is done by aluminum su$ace micromachining on an AF45 glass wafer, We measured the capacitance as a firnction of the applied $power and found a linear relationship as predicted from iheory.
INTRODUCTION
The existing technology for power detection for radio frequency (rf) signals is based on thermistors, thermocouples and diodes. These are terminating devices, i.e. the signal is dissipated during the power measurement. A completely different philosophy to realize power detection has been recently proposed, in a way that the signal is available during the measurement [I-31. The power measurement is based on the movement detection of a grounded membrane suspended above a planar transmission line where the signal is traveling. This movement is measured capacitively. The first part of this paper explains the operation principle of the sensor. Then, the design and fabrication are shown. Finally the experiments on first prototypes are presented and compared to theory. As a conclusion, we have developed the first ''through'' sensor for rf signals that can be inserted in an rf circuit without dissipating (part of) the signal. The fabrication is CMOS-compatible and allows easy cohabitation with microelectronics.
OPERATION PRINCIPLE
An rf signal that is transported on a transmission line with characteristic impedance Zo has a power level that is given by Vz,,,JZo, where V,, is the rms voltage of the rf signal. When a capacitor is connected in parallel with the transmission line, an electrical force will appear between the capacitor plates: F=C ( ? ' c o s 61 1)' 4 2 4 where C is the capacitance and d is the distance between the capacitor plates. One of the plates is movable supported with spring constant k. For frequencies of the signal that are much higher than the mechanical resonance frequency of the movable plate, the plate is only sensitive to the rms value of the force, that is proportional to the power level: F=CV2,,J(24. Therefore, the power level can he deduced by detecting the movement of the plate. In practice the movement is detected as a capacitance change between a measuring electrode and the movable plate. The addition of the capacitor will change the impedance of the transmission line and hence reflection losses are introduced. The reflection parameter is given by SI1=lO~log(lr] ' ) where r=(z-Z&(z+ZJ and Z=Zo I/ l/joC as we can see from the schematic of the circuit in figure I . The transmission parameter, I TIz=l-ITIz, assuming no conduction and dielectric losses, is given by Sl,=lO.logfl TI '). The minimum power that can be detected is primarily limited by the measuring electronics and ultimately by the thenno-mechanical noise of the membrane. 
DESIGN
In order to get the best response of the sensor for rfsignals, two different parts of the sensor have to he studied in detail. The fist one is the electrical study of the transmission line where the signal is traveling through, and the other is the mechanical design of the sensing capacitor needed for the power measurements.
Transmission line
We decided to usecoplanar Waveguides (CPW), see figure 2, due to its large frequency range and because this allows planar processing, which is perfectly adapted to the micro system technology. The CPW line consists of 3 metal lines on top of a dielectric material. The lines at the sides are grounded and the central one is canying the rfsignal. The impedance of the line is defined by geometrical and material characteristics, such as the distance between the signal line and the grounded lines, and the dielectric constant of the dielectric material used as a support. The CPW is de-signed to have SO Ohm characteristic impedance. In order to design such a CPW, simulation were done using FEMLAB [4] , where capacitance calculations were performed in order to estimate the closest dimensions to the 50 Ohm configuration. The materials chosen for the fabrication were aluminum due to its high conductivity and easy deposition for the metal lines, and AF45 glass as a dielectric due to its already proven good properties for rf signals (&,=6.2, tan&9.104 at 1 MHz) [ 5 ] . Figure 2 shows the dimensions chosen, where the thickness of the aluminum layers is 1 p (t), the thickness of the AF4S wafer is 500 pm (H), the width of the signal line is 100 pm (W), the width of the grounded lines is 500 pm (GW) and the distance between the signal line and the grounded lines is 25 pm (C). Sensing capacitor . The sensing capacitor is the moving part of the sensor, and, as it was explained in the operation principle section, we will estimate the power of the signal traveling through the CPW from the movement of such a capacitor. The design chosen for the moving capacitor was a double sided clamped metal membrane on top of the CPW as shown in figure 3 , connected to ground with the grounded CPW lines. The membrane is completely made of aluminum and the dimensions are 300 pm for the distance between the clamped sides (w), 1 pm for the thickness of the membrane (h) and three different dimensions for the width (L): 100, 1800 and 3600 pm in order to study the response of the systems adding different capacitance values, which are:
49.2 fF, 0.88 pF and 1.77 pF respectively. We decided to use a complete aluminum membrane instead of silicon or other materials with much better mechanical properties than aluminum mainly because when you add to such material the metal layer to act as a capacitor plate, effects like charge trapping and temperature dependence due to different expansion coefficient inside the membrane (which is added to the same effect between substrate and the membrane that always remains) are taking place. Because we have to measure very small displacements (over mn range), these effects could make the power detection impossible. In the other hand, due to the fact that only very small displacements are present on the sensing membrane, no yield is expected in the aluminum, and elastic response is always expected. Figure 3 .3D draw of the sensor design.
RF-SIGNAL

The last step of the design was the placement of a sensing electrode which will be used to measure the displacement of the membrane. As we can see in figure 3 , at a certain place, the ground lines let space for a floating metal layer below the membrane. Then, the displacement of the sensor is deduced from the difference in capacitance between this new layer and ground (where the membrane is connected). Figure 4 shows an overview of the fabrication process. After preparing the AF45 glass wafer with a cleaning process in nitric acid, the first step is the deposition of the aluminum metal layers needed for the CPW conducting lines (figure 4.a). The deposition was done by sputtering and the pattering of the layers by normal lithography process, in order to have the dimensions required and discussed in the design section (t, W, G and GW on figure 2 ). The next step is the deposition of the sacrificial layer that will define the gap between the CPW and the moving plate that will be placed on top (figure 4.b). For this step, we chose as a material 1.7 pm thick photoresist ( O h 907-17). In order to get rounded edges, a thermal reflow step was performed. After the patterning of the sacrificial layer, a layer of aluminum was deposited by low power sputtering (700 Watt) in order not to bum the photoresist and avoid stress (figure 4.c). The thickness of this aluminum layer is 1 p. Finally, the membrane is released by oxygen plasma etching of the resist (figure 4.d), since any other wet etching technique would cause sticking problems of the membranes.
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EXPERIMENT RESULTS
Two kinds of experiments are needed for the characterization of the system. On one hand, we have to characterize the response of the system when rf signals are used. That means the study of reflection and transmission parameters of the signal that is applied to the sensor. On the other hand, we have to characterize the power measurements obtained with the sensor.
S-parameters measurements
The rf characterization consisted of the measurement of Sparameters with an HP 85 I OC Network Analyzer and using a Cascade Microtech 9000 probe station. Figure 7 shows S I , measurements compared with theoretical calculations from a CPW with different membrane dimensions. 
Power measurements
The deflection of the membrane was detected by measuring the change in capacitance between the measuring electrodes and the ground using the electronics shown in the figure 9. A good agreement between theory and experiments is presented, therefore, any SI, response can be achieved (always above of the CPW limitation) by using the correct capacitance value. For the theory, the change in characteristic impedance due to the added capacitance is considered without fitting parameters. When we apply rf signals we are controlling the power, and a linear relation between capacitance change and rf power is then expected. This is confirmed by the measurements in figure 11 , obtained for signals of 2.5 GHz. From this graph we can easily deduce that the sensitivity factor of the hf power measurement is: dCldW = 0.437 E/mW. From the dc measurements we have found a different sensitivity. The exact cause of this difference is currently being investigated.
CONCLUSIONS
A new power sensor for rf signals with no dissipation during the power detection has been presented. First prototypes have been designed and fabricated. S parameters have been measured and compared with theoretical results showing a complete agreement between them. First power measurements for rf signals at 2.5 GHz have been performed proving the operation principle of the sensor. The sensor response at different signal frequencies and its linearity with the input power is now under fiuther investigation. Discrepancies between the sensitivity for dc and rf signals will be studied in more detail, rf power (w) Figure 11 . Sensor response applying rf signal of 2.5 GHZ.
